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Multi-electron and multi-muon production at high transverse momentum is measured in ep scattering
at HERA. Previous published analyses are extended, combining new HERA II data taken in 2003–
2004 with previous HERA I data sample. In addition events with high PT electrons and muons are
investigated here for the first time. Yields of di-lepton and tri-lepton events are measured and a
general good agreement is found with the Standard Model prediction, dominated by photon-photon
interactions. Events are observed with leptons of high transverse momenta in a domain where the
Standard Model prediction is low.
1 Multi-lepton processes
At HERA, two experiments (H1 and ZEUS)
study electron-proton collisions with a
centre-of-mass energy of up to 320 GeV.
The first measurements of multi-electron
and multi-muon production at high trans-
verse momentum (PT ) in ep collisions
have been published recently by the H1
Collaboration1,2. Preliminary analyses have
been caried out by the ZEUS Collaboration3.
A complete preliminary analysis of the multi-
lepton topologies has been performed by the
H1 Collaboration including the most recent
data 4. Within the Standard Model (SM)
the production of multi-lepton events in ep
collisions proceeds mainly via photon-photon
interactions in which quasi-real photons ra-
diated from the incident electron and pro-
ton interact to produce a pair of leptons:
γγ → l+l− 5. For multi-electron final states,
the background comes mainly from neutral
current Deep Inelastic Scattering (DIS) or
elastic Compton scattering, while for multi-
muon final states the background is negligi-
ble.
2 Multi-electron events
The selection of multi-electron events is done
by requiring at least two central electrons
(20◦ < θe < 150
◦ for H1 and 17◦ < θe <
164◦ for ZEUS) with P e1T (P
e2
T ) > 10(5) GeV
(H1) or P e1T (E
e2) > 10(5) GeV (ZEUS). An
isolated charged track has to be associated
with the calorimeter energy deposit. A third
electron is allowed to be present in a wider
angular range (5◦ < θe < 175
◦). The selected
events are classified by the number of identi-
fied electrons into di- and tri-electron samples
(ee and eee, respectively).
The H1 results and the ZEUS measure-
ments are presented in Tab. 1. The H1 anal-
ysis published in 1 is extended here to a
higher luminosity combining new HERA II
data taken in 2003–2004 (L = 45 pb−1) with
previous HERA I data sample from 1994–
2000 (L = 118 pb−1). The di-electron sample
is dominated by pair production with only
a 15–20% contribution from other SM pro-
cesses. In the tri-electron sample, the back-
ground contribution is negligible. Both the
H1 and ZEUS observations are in good agree-
ment with the predicted overall yields. The
main difference between the H1 and ZEUS
predictions for the signal is due to the dif-
ferent angular range allowed for the central
electrons. A few events with invariant mass
of the two highest PT electrons M12 > 100
GeV are observed in a region in which the SM
prediction is low (Fig. 1). Three di-electron
events are measured by H1 where 0.44 are
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Figure 1. Distribution of the invariant mass M12 of
the two highest PT electrons for the H1 analysis
(two upper figures). Events classified as di-electrons
and tri-electrons are shown. The mass distribu-
tion from ZEUS analysis with di-electrons and tri-
electrons samples combined is displayed in the bot-
tom figure.
Figure 2. Differential muon pair production cross-
section as a function of the invariant mass of the
muon pair Mµµ, measured by the ZEUS Collabora-
tion.
expected and 2 by ZEUS for an expectation
of 0.77. In the tri-electron sample, 3 events
are observed by H1 compared to an expecta-
tion of 0.31, while no events are observed by
ZEUS where 0.37 are expected.
The ep → (e)e+e−X cross section has
been measured by H1 1 in a restricted kine-
matic region where photon-photon processes
dominate. The integrated cross section over
the considered phase space is measured to
be σ=0.59±0.08±0.05 pb, in good agreement
with the SM expectation of 0.62±0.02 pb.
3 Measurement of multi-muon
events
The production of muon pairs at high PT was
also studied by the H1 and ZEUS Collabora-
tions. In the ZEUS preliminary analysis 6,
muons are identified using central tracker re-
constructed tracks, calorimetric deposits and
muon chamber signals. At least two muons
with Pµ1,µ2T > 5 GeV in the angular range
12◦ < θµ < 157
◦ and with an invariant mass
Mµµ > 5 GeV are required.
With an analysed data sample corre-
sponding to an integrated luminosity of
101 pb−1, 255 multi-muon events are ob-
served. Figure 2 presents the visible cross
section measured as a function of the in-
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Table 1. Observed and predicted multi-electron event yields for all selected events and for events with masses
M12 > 100 GeV. The prediction errors for the H1 analysis include model uncertainties and experimental
systematical errors added in quadrature. For the ZEUS analysis, the predicted rates are shown with the
statistical errors of the Monte Carlo only.
Selection Data SM Pair Production DIS+Compton
H1 (163 pb−1, HERA I+II)
ee 147 149.8 ± 24.8 125.5 ± 13.0 24.3 ± 18.7
eee 24 30.4 ± 3.9 30.41 ± 3.9 0.04 ± 0.06
ee (M12 > 100 GeV) 3 0.44 ± 0.10 0.32 ± 0.10 0.12 ± 0.03
eee (M12 > 100 GeV) 3 0.31 ± 0.08 0.31 ± 0.08 —
ZEUS (130 pb−1, HERA I)
ee 191 213.9 ± 3.9 182.2 ± 1.2 31.7 ± 3.7
eee 26 34.7 ± 0.5 34.7 ± 0.5 —
ee (M12 > 100 GeV) 2 0.77 ± 0.08 0.47 ± 0.05 0.30 ± 0.07
eee (M12 > 100 GeV) 0 0.37 ± 0.04 0.37 ± 0.04 —
Figure 3. Differential muon pair production cross-
section as a function of di-muon mass, from the H1
analysis.
variant mass of the muon pair compared
to the SM prediction; a good agreement is
observed. The integrated cross section in
the visible phase space is measured to be
6.17±0.39(stat.)+0.49
−0.43(syst.)±0.12(lumi.) pb,
in good agreement with the prediction of
7.13 pb.
A similar analysis has been published
by H1 2. The two muons are selected with
a minimum PT of 2 and 1.75 GeV, respec-
tively, in the angular range 20◦ < θµ < 160
◦.
The cross section measured as a function of
the invariant mass of the muon pair is dis-
played in Fig. 3 and is in good agreement
with the SM prediction. The integrated cross
section is measured to be 46.4±1.3±4.5 pb,
also in very good agreement with the pre-
diction of 46.1±1.4 pb. Elastic and inelastic
muon pair production processes are distin-
guished by tagging hadronic activity. In the
analysed phase space, integrated cross section
of σelµµ=25.3±1.0±3.5 pb for elastic di-muon
production and of σelµµ=20.9±0.9±3.2 pb for
inelastic production are measured. These
measurements are in good agreement with
the expected cross sections of 24.6±0.3 pb
and 21.5±1.1 pb, respectively.
4 Measurement of multi-lepton
events
Multi-electron and multi-muon measure-
ments have been recently extended by H1 to
the eµ and eµµ topologies and to a higher
luminosity, combining new HERA II data
taken in 2003–2004 with previous HERA I
data sample 4. The multi-lepton selection
requires that there be at least two central
(20◦ < θ <150◦) lepton (electron or muon)
candidates of which one must have P lT > 10
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GeV and the other P lT > 5 GeV. Additional
electron candidates are identified in the de-
tector with an energy above 5 GeV in the
range 5◦ < θ < 175◦. Additional muons
with PT > 2 GeV in the range 20
◦ < θ <
160◦ are also looked for. The lepton candi-
dates are ordered according to decreasing PT ,
P liT > P
li+1
T . The selected events are classi-
fied in a two lepton sample, if only two central
leptons are identified, and in a three lepton
sample if exactly one additional lepton candi-
date is identified. According to the flavour of
identified leptons, those samples are further
classified into ee, µµ, eµ, eee and eµµ.
The observed event yields in all channels
are in good agreement with the SM expecta-
tions. In the eµ and eµµ channels, 86 and 41
events are observed, compared to the SM pre-
dictions of 78.4±12.0 and 39.5±6.5, respec-
tively. The distributions of the scalar sum
of PT of all identified leptons for the com-
bination of di- and three-lepton samples is
shown in Fig. 4. For
∑
PT > 100 GeV 4
events are observed while 0.61 ± 0.11 are ex-
pected. These four data events corresponds
to the three high mass ee events observed in
HERA I data 1 and one new eµµ event ob-
served in HERA II data 4.
5 Conclusions
All event topologies containing two or three
visible leptons (electrons or muons) have
been measured in electron-proton collisions.
Results on multi-electron and multi-muon
events have been published by the H1 Col-
laboration. The ZEUS experiment also pre-
sented preliminary results in those chan-
nels. Previous analyses have been recently
extended by H1, using new HERA II data
taken in 2003–2004 amounting to an inte-
grated luminosity of 45 pb−1. Good overall
agreement with the Standard Model predic-
tion is observed. The differential cross sec-
tions of the production of electron and muon
pairs have been measured and found in very
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Figure 4. Distribution of the scalar sum of PT of lep-
tons compared to expectations. All di-lepton and
three-lepton event classes are combined. The anal-
ysed data sample corresponds to an integrated lumi-
nosity of 163 pb−1 obtained by the H1 experiment.
good agreement with the Standard Model.
However, four events are also observed with
a scalar sum of lepton transverse momenta
greater than 100 GeV, compared to a Stan-
dard Model prediction of 0.61 ± 0.11.
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